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— ^ (57) Abstract: An anastomosis system, and methods for its use in end to side anastomoses are provided. The subject anastomosis 
^ system includes nesting, first, and second strucniral means (10, 20) which are each mbular in structure, have a lip (12) at least at one 
end. In performing an end to side anastomosis according to the subject invention, the subjea anastomosis system is used to stably 
^ attach the graft vessel to the side of the host vessel in a manner that provides for fluid commimication between the lumens of the 
graft, and host vessels. Also provided are kits that include the subject systems. The subject anastomosis systems, and methods find 
use in a variety of different anastomosis applications, including \'ascular anastomoses, and particular proximal anastomoses. 
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ANASTOMOSIS SYSTEM AND METHODS FOR USE 

CROSS REFERENCE TO RELATED APPLICATIONS 
Pursuant to 35 U.S.C. § 1 19 (e), this application claims priority to the filing 
10 date of the United States Provisional Patent Application Serial No. 60/136,707 filed 
May 28, 1999, the disclosure of which is herein incorporated by reference. 

INTRODUCTION 

Technical Field 

15 The field of this invention is anastomosis, and more particulariy end-to-side 

anastomosis. 

Background of the Invention 

Anastomosis is the union or connection of one tubular structure to another so 
that the interiors of the tubular structures communicate with one another. There are 

20 generally two types of anastomoses: end-to-end and end-to-side. In an end-to-end 

anastomosis, the ends of two different tubular structures are joined together. In an end- 
to-side anastomosis, however, the severed end of one tubular structure is connected 
around an opening cut into the side of a second tubular structure. 

Anastomoses have been performed with a variety of different types of tubular 

25 structures or vessels in order to achieve a desired patient outcome. Typically, 

anastomoses are performed between airways, blood vessels, bowel segments, and 
urogenital tubes. The procedure for connecting blood vessels is referred to as vascular 
anastomosis. 

One of the best known surgical procedures utilizing vascular anastomoses is 
30 the coronary bypass. In the context of coronary artery disease, the flow of oxygenated 
blood to the myocardium of the heart is impeded or compromised by a stenosis or 
obstruction in the coronary artery. This flow can be improved by providing a coronary 
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arier>' bypass graft ("CABG") which diverts blood flow around the stenosis, thereby 
restoring myocardial circulation. In these procedures, a graft (e.g. a saphenous vein 
graft, a LIMA graft or a synthetic graft) is harvested and attached to the aorta on one 
side of the stenosis utilizing an end-to-side proximal anastomosis and to a coronary 

5 artery on the other side of the stenosis utilizing an end-to-side distal anastomosis. In 
other words, a proximal end-to-side anastomosis and distal end-to-side anastomosis 
are performed, where the graft vessel is attached at the proximal site to the aorta and at 
the distal site to a coronary artery. In this specification, the terms proximal and distal 
are used according to their conventional meanings to those of skill in the art, where 

10 proximal refers to the end closest to the center/origin/source and distal refers to the end 
farthest away. As such, in terms of bypass procedures, proximal refers to the aorta or 
main/larger vessel while distal refers to the smaller, more distant graft vessel. 

While a variety of different devices and methodologies have been developed 
over the years to perform anastomoses, including vascular anastomoses, there 

1 5 continues to be a need and an interest to develop new and better methods and devices 
for performing such procedures. Of particular interest would be the development of 
methods and devices that make end-to-side anastomoses simple and rapid to perform, 
thereby decreasing resource usage, e.g., operating room time, physician training, etc. 
With respect to vascular anastomosis devices, of particular interest would be the 

20 development of an anastomosis system that is capable of being used to perform a 

proximal end-to-side anastomosis, particularly while the heart is still beating and that 
establishes intima-to-intima contact of the two vessels being joined. Such improved 
methods and devices would lead to a number of advantages, including less expense, 
faster patient recovery, and the like. 

25 Relevant Literature 

Patents of interest include: 2,453,056; 4,366,819; 4,368,736; 4,470,415; 
4,523,592; 5,695,504; 5,702,412; 5,797,934; and 5,817,1 13. 

SUMMARY OF THE INVENTION 
30 An anastomosis system and methods for its use in end-to-side anastomoses are 

provided. The subject anastomosis system includes nesting first and second structural 
means which are each tubular in structure and have a lip on at least one end. In 
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performing an end-to-side anastomosis according to the subject invention, the subject 
anastomosis system is used to stably attach the graft vessel to the side of the host 
vessel in a manner that provides for fluid communication between the lumens of the 
graft and host vessels. Also provided are kits that include the subject systems. The 
5 subject anastomosis systems and methods find use in a variety of different anastomosis 
applications, including vascular anastomoses and particularly proximal anastomoses. 



BRIEF DESCRIPTION OF THE FIGURES 
10 Fig. 1 provides a representation of a first structural means according to the 

subject invention. 

Fig. 2 provides a representation of a second structural means according to the 
subject invention. 

Figs. 3 A and 3B depict two different embodiments of a graft vessel attached to 
15 the first and second structural means of an anastomosis system according to the subject 
invention. 

Figs. 4A to 4D provide a step-by-step representation of the eversion of the 
distal end of a graft vessel over the distal surface of the lip of a first structural means in 
the process of producing a prepared graft vessel according to the subject invention. 
20 Fig. 5 shows a prepared graft vessel according to the subject invention. 

Fig. 6 provides a cross-sectional view of the site of attachment of the graft and 
host vessel following an end-to-side anastomosis according to the subject invention. 

Fig. 7 provides a three-dimensional view of a rigid first structural means. 

Fig. 8 provides a three-dimensional view of a rigid second structural means. 
25 Figs 9 provides a three-dimensional view of the first and second structural 

means shown in Figs. 7 and 8, respectively, in a partially nested configuration. 

Figs. IDA to IOC provide different views of a delivery device according to tiie 
subject invention. 

Figs. 1 1 A to 1 IN provide a sequential showing of the various steps of securing 
30 a graft vessel to the side of a host vessel using the methods and devices of the subject 
invention. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Anastomosis systems and methods for their use in performing end-to-side 
35 anastomoses arc provided. The subject systems include nesting first and second 
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Structural means that have a tubular structure and a lip on ai least one end. In 
practicing the subject methods, the anastomosis system is used to stably attach the 
graft to the host vessel in a manner such that fluid communication is established 
between the graft and host vessels. Also provided are kits for use in performing end-to- 

5 side anastomoses according to the subject invention. In ftirther describing the subject 
invention, the anastomosis system and components thereof (e.g., first and second 
structural means) are described first, both generally and in terms of specific 
embodiments depicted in figures, followed by a discussion of the subject methods of 
performing end-to-side anastomoses and kits that include the subject anastomosis 

10 systems. 

Before the subject invention is described further, it is to be understood that the 
invention is not limited to the particular embodiments of the invention described 
below, as variations of the particular embodiments may be made and still fall within 
15 the scope of the appended claims. It is also to be understood that the terminology 

employed is for the purpose of describing particular embodiments, and is not intended 
to be limiting. Instead, the scope of the present invention will be established by the 
appended claims. 

20 In this specification and the appended claims, the singular forms "a," "an" and 

"the'' include plural reference unless the context clearly dictates otherwise. Unless 
defined othenvise. all technical and scientific terms used herein have the same 
meaning as commonly understood to one of ordinary skill in the art to which this 
invention belongs. 

25 

Anastomosis System 

As summarized above, the subject invention provides an anastomosis system 
that enables one to stably attach the end of a graft vessel to the side of a host vessel in 
30 a manner such that fluid communication between the lumens of the graft and host 

vessels is established. The systems of the subject invention are made up of nesting first 
and second structural means. The first and second structural means share many 
common features. The first and second structural means have a tubular structure with a 
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lip at one end. The lip of each structural means in certain embodiments is characterized 
by expanding radially outward in substantially all, if not all. directions from the base 
of the tubular region of the structural means. The shape of the lip may have any 
convenient shape configuration, including square, rectangular and curvilinear shape, 

5 such as oval, circular, irregular etc., where in many embodiments, the lip has a 
curvilinear configuration, i.e., the perimeter of the lip is curvlinear in shape. 

A feature of the first and second structural means of the subject systems is that 
the first and second structural means are nesting, by which is meant that the tubular 
region of one of the structural means (typically the first structural means) fits inside 

10 the tubular region of the other structural means (typically the second structural means). 
In other words, the two structural means can be fit together in a manner such that the 
tubular member of one of the structural means can be positioned inside the tubular 
member of the other structural means. As such, the first and second structural means of 
the subject systems are capable of assuming a nested configuration. As the first and 

15 second structural means are capable of assuming a nested configuration, the outer 

diameter of one of the structural means is necessarily shorter than the inner diameter of 
the other structural means, e.g., the outer diameter of the first structural means is 
shorter than the inner diameter of the second structural means. The difference in 
diameters should be large enough to provide for insertion of one of the tubular 

20 members into the other tubular member but small enough to provide for a substantially 
snug fit when positioned in an end-to-side anastomosis. 

The structural means may be made up of rigid materials, flexible materials, or 
be a composite of both rigid and flexible materials. Whether the materials are flexible 
or rigid, they should be biocompatible in view of the use of the subject structural 

25 means. By biocompatible is meant that they should be capable of being implanted and 
maintained in an animal host for a substantial period of time with little or no, and 
preferably no, toxic effects for the animal host. Examples of suitable rigid 
biocompatible materials include, but are not limited to: medical grade alloys, such as 
cobalt-chromium alloy, titanium alloy, stainless steel, ceramics and composite 

30 materials, and the like. Examples of flexible materials include elastic materials, where 
suitable elastic materials are materials that exhibit elasticity at a relevant temperature 
range, i.e., below room temperature to body temperature, e.g., from about 10 to 50 °C 
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at least, and are biocompatible. One type of biocompatible elastic material of interest 
is the class of memory alloys, including those described in: 5.876.434; 5,797,920; 
5,782,896; 5,763,979; 5.562,641; 5,459,544; 5,415,660; 5.092,781; 4,984,581; the 
disclosures of which are herein incorporated by reference, e.g., biocompatible alloys 
5 that find use include those nickle-titanium (NiTi) shape memory alloys sold under the 
NitinoF^. 

Whether or not the first and second structural means are fabricated from rigid 
or flexible materials, the first and/or second structural means may be modified in a 
number of different ways so as to alter the properties of the materials from which they 

10 are fabricated, e.g., the surface properties of one or more of the elements. As such, in 
many embodiments, one or more components of the structural means may be coated 
with a biocompatible polymeric membrane coating. The membrane coating may be 
fabricated from any convenient biocompatible polymer, where suitable biocompatible 
polymers include, but are not necessarily limited to: biocompatible polymers and/or 

15 elastomers. Suitable biocompatible polymers include, but are not necessarily limited 
to, materials such as, for example, polyethylene, homopolymers and copolymers of 
vinyl acetate such as ethylene vinyl acetate copolymer, polyvinylchlorides, 
homopolymers and copolymers of acrylates such as polymethylmethacrylate, 
polyethylmethacrylate, polymethacrylate, ethylene glycol dimethacrv'late, ethylene 

20 dimethacrylate and hydroxymethyl meihacrylate. polyurethanes, polyvinylpyrrolidone, 
2-pyrrolidone, polyacrylonitrile butadiene, polycarbonates, polyamides. 
fluoropolymers such as polytetrafluoroethylene and polyvinyl fluoride, polystyrenes, 
homopolymers and copolymers of styrene acrylonitrile, cellulose acetate, 
homopolymers and copolymers of acrylonitrile butadiene styrene, polyvinylchloride, 

25 silicone rubber, polymethylpentene, polysulfones, polyesters, polyimides, 

polyisobutylene, polymethylstyrene and other similar compounds known to those 
skilled in the art. Suitable, biocompatible elastomers include, but are not necessarily 
limited to, biocompatible elastomers such as medical grade silicone rubbers, polyvinyl 
chloride elastomers, polyolefin homopolymeric and copolymeric elastomers, 

30 urethane-based elastomers, and natural rubber or other synthetic rubbers, fluorinated 
polymers {e.g., PTFE), and the like. It should be understood that these possible 
biocompatible materials are included above for exemplarv' purposes and should not be 
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construed as limiting. 

In certain embodiments, the biocompatible polymer may have one or more 
active agents or drug compounds associated with it, such that the structural means also 
serve as a drug delivery means, e.g., a slow release drug delivery means. A variety of 

5 different active agents may be delivered using the structural means of the subject 
invention, where such active agents include small organic molecules, either synthetic 
or naturally occurring; peptides; proteins; nucleic acids; etc. Active agents of interest 
include: agents having anti-restinosis activity, such as those disclosed in U.S. Patent 
Nos. 5,492,926; 5,462,937; 5,457,113; 5,599,227; 5,569,647; 5,428.151; active agents 

10 having anti-cell proliferation activity, active agents having anti-thrombotic activity; as 
well as other agents that may be desirable; and the like. 

Despite the above common features of the first and second structural means of 
the subject invention, differences between the first and second structural means do 
exist. Accordingly, each of the first and second structural means is now described in 

1 5 greater detail separately below. 

First Structural Means 

As described above, the first structural means is a tubular structure that is 
20 flared at one end to form a "lip" feature extending beyond the outer diameter of the 
tubular region. Fig. 1 provides a three-dimensional view of a first structural means 
according to the subject invention, where the first structural means is a simple 
configuration made up of an elongated tubular member that is flared at one end to form 
a lip. As can be seen in Fig. 1, the first structural means 10 has an elongated tubular 
25 region or member 14 with a flared end or lip 12 at one terminus. Lip 12 has an upper 
surface 16 and a lower surface 1 8. 

The lip 12 has an area that is sufficiently large to provide for stable attachment 
of the graft vessel to the side of the host vessel following an anastomosis procedure, as 
described in greater detail below. In other words, the lip has an area that is sufficiently 
30 large such that it provides for stable attachment of the graft to the host vessel and 

cannot be readily pulled out of the opening in the side of the host vessel into which it 
has been inserted in the subject methods. The area of the lip (defined by the outer 

7 
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perimeter of the lip and including the area of the empty space or opening located 
where the tubular end expands into the lip) may vary considerably depending on the 
nature of the two vessels to be joined. For example, where the anastomosis system is 
designed to be used in a vascular end-to-side anastomosis, particularly a proximal end- 
5 to-side anastomosis of a graft vessel to the aorta, the area of the lip is at least about 5 
mm^, usually at least about 10 mm- and more usually at least about 20 to 30 mm-and in 
some embodiments at least about 35 mm*. The area of the lip typically does not 
exceed about 60 mm" and usually does not exceed about 40 mm'. 

As mentioned above, the shape of the flared end or lip of the first structural 
1 0 means may be any convenient shape, e.g., square, rectangular, triangular, trapezoid, 
circular, oval etc., but is generally a curvilinear shape, where any convenient 
curvilinear shape may be employed, such as: circular, oval, or other convenient 
curvilinear shape, including an irregular curvilinear shape, a curvilinear shape with 
scalloped edges, etc. The lip should be as thin as possible such that fluid flow in the 
15 host vessel following anastomosis is not substantially impeded or compromised by the 
presence of the lip and graft tissue everted over it, as described in greater detail supra. 
As such, the thickness 1 1 typically ranges from about 0,005 to 1 .0 mm, usually from 
about 0.01 to 0.5 mm and more usually from about 0.05 to 0.25 mm. 

The length of the tubular member or element of the first structural means may 
20 vary greatly depending on the nature of the vessels lo be joined, where the length is 
typically just long enough to provide the required support function at the site at which 
the graft vessel is attached to the host vessel. The tubular region of the structural 
means has a generally curvilinear, and usually substantially circular, cross-sectional 
shape extending its entire length. The inner diameter varies in length depending on the 
25 particular graft vessel for which the first structural means is designed to be used. For 
example, in vascular anastomoses, particularly proximal anastomoses in which a graft 
vessel as anastomosed to the side of the aorta, the inner diameter is generally at least 
about 2 mm, usually at least about 3 mm and more usually at least about 4 mm. The 
outer diameter of the structural means is chosen so as to fit inside the second structural 
30 means, described in greater detail infra, such that the tubular region of the first 

structural means is capable of nesting inside the tubular region of the second structural 
means, as described above. In many embodiments, the length of the first tubular means 

8 
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ranges from about I to 25, usually from about 2 to 20 and more usually from about 2 
to 1 5 mm. 

In certain embodiments, the joint angle 9 between the outer wall of the tubular 
region and the lip (See FIG. 1) is chosen so as to facilitate fluid flow from the host 

5 vessel into the graft vessel. Generally the joint angel 0 is between about 30 and 75°, 
usually between about 40 and 60°, where in many embodimenis the joint angle 9 is 
about or is between about 45 and 60 °. 

The first structural means may optionally comprise one or more locking means 
which prevents removal of the second structural means from the first structural means 

10 following attachment of the graft and host vessels, as described in greater detail infra. 
This locking means may take on a variety of different configurations, so long as it 
prevent separation of the first and second structural means following their placement 
into a nesting position during use, e.g., so long as it prevents unwanted backwards 
movement (i.e.. movement away from the host vessel) of the second structural means 

15 relative to the first structural means. This locking means may be permanent or 

reversible, i.e., the locking means may be one-way or two-way. An example of a one- 
way locking means may be one or more spaced apart protrusions on the outer surface 
of the tubular region of the first structural means which act like "barbs" to provide for 
one-way movement of the second structural means onto the first structural means. 

20 Another example of a locking means may be ratchet means, e.g., as made up by tooih 
on one of the structural means and corresponding groove on the other of the structural 
means, that provides for the one-way movement, as described in greater detail below. 
Examples of two-way or reversible locking means include ratchet elements that can be 
locked and released, e.g., by turning one element relative to another, as describe in 

25 greater detail below. As such, the locking means may be a single element present on 
either the first or second structural means, or a combination of elements present on 
both the first and second structural means. 

In certain embodiments, the first structural means may also include a 
mechanical engaging means for securing the first structural means to tissue, e.g., for 

30 securing the first structural means to the graft vessel. This engaging means may be in 
any convenient form, such as one or more, usually a plurality of. spikes extending 
upward from the proximal surface of the lip of the first structural means. The spikes 
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